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ACHTEVEMENTS IN THE FIELD ’—‘
OF ELECTRIC-SPARK METATWORKING TN THE USSR

ﬁhe following information is from the pamphlet Dostizheniya v Oblasti Elektro-
iskrovoy Obrabotki Metellov v S35R, b

Y B. R. Lazarenko, published by the
Tzdatel stvo Znanlya,™ Moscow, in 1952.7
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As & result, the
machining of metals with cutters or abrasive materials became a bottleneck in
the manufacture of machines.

In the past 10 years, a number of new technological Processes which have
greatly reduced the proportion of metal machining by cutting have come into

use. These processes include forming, die stamping, drawing, and extrusion,
as well us precision and centrifugal cagting. A nearly finished blank 15 ob-
tained from all thege processes,
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st time in the history of tech- :
-cutting machine tools began to be

driven by electric power. :

The path of electrie power from the motor to the cutter is a matter of :
great interest. Over the past 70-80 years a great deal of work hag been done
as much as possible, In particular, the overvhelming ma-
1ls were converted from transmission-belt to individual
electric drive. Thus, the electric pover needed for the cutting process was
brought directly {nto the machine tool. The tendeney toward getting the power
still closer to the machining zone led to shortening the transmission system
in the machine tool itgelf and the conversion to multimotor drive of separate
kinematic members of the machine tool, the control of these members being cen-

tralized, But the technological process of removing metal remained the same, ! |
l.e., the same mechanic workplece. It wag

obvious that 1t would be possible to bring the electric pover even closer to
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the cutting point only if a process, based on a new prinrci:
oped, through which the removal of metal from the blank would be accomplished
current.

by the direct action of the electric

Until recently, the electricity in machinin,
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the mechanismg play the secondary role of bringi
the workpiece together.

g of metals to specified dimen-
€ machine tool while the rutter
ses the metal directly, while
ng the electrodes the tool and

In the new brocess, mechanical foreces are no longer needed. The electric.
1ty ceases to be th

e "source" of the force. It becomes the force itself.
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Equipment for Blectric-Spark Metalworking

In keeping with the new electrical nature of the
the design of the "mechine tool" which pe
Since, in the electric-spark process, the
out the uge of mechanical force, &ll the b
mechanical forces upon which the operation
pends become unnecessary.

cessing unit 1s the gource of impulges of t
ation brings about t
i

brocess of removing m. al,
rforms this operation 1s also changing.
removal of the metal takes DPlace with-
&sic mechanisms which transmit the
of a metalworking machine tool de-
-spark pro-
he electric power, which by its oper-

he appearance and dﬁveloment of the electrical processes,
€., current impulses of less than 10™* gecond duration.

The kinemsatie part of an electric
function 18 to ke

spark unit is a secondary element; its
trode workpiece

ep the necessary gap between the electrode tool and the elec-
and to provide the adjusting, and

At pre-

-spark unit which ~mbodies

s of such units sti11 have a

of a trangition period between

sent, there has not
all the ideas of thig method.
number of shortcomi
mechanical metal cy

The existing design
ngs and represent rather units
tting and electriecal processing

In the process of operating an electric-spark unit, the electrode tool

must always be kept at some distance from the electrode workpiece, thig distence
being determined by the magnitude of the voltage on the electrodes and the com-
position and condition of the interelectrode medium. During operation, the

he electrode tool; as a result, the
nk being worked steadily withdraws from the face of the elec-
trode tool. After a certain time, the moment arrives vhen the space between
the electrodes becomes sueh that the spark can no longer span it at a given
voltage, and for thig reason further progress of the Process is interrupted,

To continue the Process, the electrodes must be brought closer together so that
the spark may again be able to bridge the gap.

Hence, an eiectric-gpark unit should be provided with a definite electro-
mechanical system -- we call it the

follow system .- which will maintain the
optimum distance between the electrodes.

1t must be noted
£t is evident that
ntrol of the move-
ganically iategrated with the basic electrical
cirenit of the unit.

Of the many existing types of follow systems (such as hydraulie, solenoid,
electrodynamic reversing motors ;

electromagnetic clutches, ete.) the best are
the rigid follow systems, since they provide the most exact control and are
less complicated to manufacture,

Over a comparatively short periocd of time, many different types of electric-
spark unit designs have been developed.
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The Leningrad engineers Ye. M. Levinson and Ye. I. Vledimirovich developed
an electric-spark unit for performing precision operations (shown in Figure 5),
i.e., for operations requiring high accuracy, particularly for making holes in
dies and holes in hard-alloy drawing dies.

At & number of machine-building plants series production of similar units
for making holes has been organized.

For 3 years now, the Leningrad Krasnogvardeyets Plant has been putting out
spark units of original design for making dies.

The Leningrad Carburetor Plant is putting out eleetric-spark units for
making holes in atomizer apparatus.

The best-designed unit for spark metalworking was developed and built by
the Leningrad Forest Engineering Academy imeni S. M. Kirov (Figure 6).

This unit is designed for cutting blanks of any hardness up to 50 milli-
meters in diemeter and 3 meters long. The electrode tool of this unit is an
iron disk which is rotated by a one-kilowatt electric motor. The motor and the !
disk are mounted on a slide which travels vertically. A follow system auto-
matically maintains the necessary gap between the disk and the wvork, which is i
fastened to a vise. The speed of disk movement is set by the follow system !
vhich is installed in the upper part of the unit. The tank is lowered by a
special electric motor. The electrical part of the machine tool is located i
in the back part of the unit; the control ewitches are located on the side: ;
wall. The process of cutting metal with this electric-spark saw is fully au- ;
tomatic.

Electric-spark grinding of metals is a special group of electric-spark
processes belng used in industry with ever-increasing success.

Speclal units for electric-spark grinding are now being developed. The
existing designs are modernized versions of grinding machines now in use.
Practice has shown the expediency of using multiecircuit layouts in given in-
stances,

Electric-spark units for making chip breakers and chip winders have been
successfully put into production. A number of enterprises have built such
units themselves and have put them into operation. At the Moscow Krasnyy Pro-
o letariy Plant a unit for processing three cutting tools at once has been de-
. signed and built. It takes less than one minute to make the groove in a chip
: breaker on this unit.

The electric-spark method of metalworking greatly facilitates labor-
consuming and heavy fitter's work. The Central Scientific-Research Laboratory
Tor Electrical Processing of Materials has developed the first models of a
fitter's tools on the electric-spark principle.

A great amount of work is being done by a number of institutes and plant
laboratories on improving the different elements of electric-spark units. The
Minigtry of Electrical Industry has developed and is now putting out a block
of condensers specially designed for use in electric-spark units, the new con-
densers calculated to meet the specific requirements placed on such condensers.

As is known, the majority of electric-spark units operate off direct cur-
rent. On the other hand, uot all enterprises have the costly and complicated
equipment necessary to obtain direct current. A special mechanical rectifier
vhich could feed various types of units would be of great help to the enter-
prises.
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Several variants of feed eircuits have been developed which make possible
& considerable broadening of the use of electric-spark processing.

Special circuits using vacuum-tube sources of the impulses have been suc-
cessfully tested and are now beginning to be used in industry,

Technological Features of Electric-Spark Procesging

The productivity of an electric-gpark unit, i.e., the amount of electrode
material ejected per unit time, ig propor tional to the product of the impulse
energy by the circuit frequency,

The more impulses received by this or that section of the gurface being
processed, the greater will be itg erosion. For example, in meking a hole,
the parts of the surface nearest the point where the electrode tool goes in
will be subject to much longer erosion than the parts of the surface where
the tool comes out.

There are many methods which make it Possible to make a hole to an accu-
racy of a few microns. Particularly high precision can be obtained in making
shallow holes.

From viewpoint of macro- and microgeometry the metal surface obtained by
electric-spark netalworking 1s particularly interesting, if only because it is
impossible to get such a surface with any mechanical means. Every single im-
pulse removes & portion of metal from the anode, proportional to the impulse
energy. After the removal of this portion of the metal there 18 a trace of a
little hole left on the anode » this depression having an uneven, but nearly
round shape. As a result of the subsequent reciprocal action of all points on
the surface with the electrode tool, the processed surface 1s covered with tiny
holes packed tightly together, but no longer having a definite shape.

The surface finist. obtained by the electric-spark process does not depend
on the type of electric-spark unit, In this respect electric-spark processing
has a great advantage over mechanical, With the use of the electric-spark pro-
tess one can obtain a surface with a fineness of finish up to and ineluding the
10th Class. ‘

For a more complete picture of the processes taking place on the surface of
a plece of metal which is being acted on by current impulses, a few of the char-
acteristics of the spark impulse are given below.

1. The temperature of the spark channel goes as high as 11,000 degrees \
(for comparison's sake, we may note that the temperature of the flage in an
electrie are is about 3,500 degrees),

2. The stream of electrons, moving at great speed in the interelectrode
g8p to the anode, strikes its hard metal surface. As a result of this, the
Power of the electrons, which are suddenly stopped in their movement, is re-
leased on the surface layers of the anode.

3. The pressure exerted on the metal under the spark impulse reaches tens
of thousands of atmospheres. ’

b, The spark impulse takes place with the simultancous action of ex-
tremely poweri’ul magnetic and electrical fields.

5. Since the time of the impulse effect does not exceed 10-} second, the
thermodynamic processes which take place on the surface of the metal are adia- I
batic processes.
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surface of which hag been impregnated vith carbon by means of electric-spark Pro~
cessing., The 11lustration shows clearly the hardened layer of metal (the white
layer) blending by degrees into the bagie structure of the metal.

This white electric-gpark layer possesges special physical ang chemical
broperties, Pparticularly increased hardness,

The surface obtained by electric-gpark Processing, now under consideration,
vhen magnifieq even more (18,000 timeg) and compared with the initial structure
of the metal, reveals that metal undergoing spark-impulse treatment sustaing
great defomation, leading to intensive refinement of its crystals.

Operations Performed by Electric-Spark Processing

Industry hag begun Wide-scale uge of the electric-spark method for making
holes 1in stopcocks » Tuel and atomizer apparatus, and in wire-draving, becauge
this method greatly increages labor productivity.

For eéxample, it takesg only 35 seconds to make holes 0,152 millimeter in
diameter to g tolerance of 8 microns in an injector nozzle.

Making various types of steel and hard-alloy dieg by electric~spark pro-
cessing permitsg great economies. Electric-spark Processing of previously
hardened blanks eliminateg campletely the reject or' dieg which frequently
turn up in the heat treatment of steel dies mage by mechanical means.

The spark Process also makes it Dossible to decreage the size of webs in
compound dies and in matrixes of subsequent dies.

Of all the working characterigties of dies, the most important index ig
the durability of the matrix, In Processing metals by the electric-spark
method, an improvement in the mechanical Properties of the surface takes place,

N ¢ ausing the matrix so made to have inereased durability ag compared with mono-
type matrixes made by technical nmethods.,

Since electric-spark processing permits working of metals of any hardness,
it has become Possible to make dieg of hard alloys.

As already pointed out, the making of holes naturally resolves itself to

Ouc aporoach: the electrode tool passes through the thickness of the electrode
blank, forming a hole of & glven configuration, It 18 also bossible, under
other circumstances > to have tke electroge tool only penetrate the surface layer
of the blank without actually going through it, Tf the Process is terminateg {
vwhen the electrode tool hag Penetrated 0.25 millimeter into the blank, the pro-

N cess 1s called electrios park printing on metai. If the process is allowed to
continue and is stopped when the electrode tool has gone 1-3 millimeters into
the workpiece » we have the process of meking embossing dies: if the process ig
8llowed to go on 8til1l further » We vill be making forging diles » Presemolds,
chill molds, ete.

Hence, the electric-spark method makes it possible to get extremely aceu-
rate copies of the electrode tool in the thickness of the electrode blank, Thig
feature derives from that property of the electric-spark discharge which only
allows the discharge to take Place between those polnts of the electrodes which
are closest to each other.
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For instance, one point of the cathode need be only 0,01 millimeter closer
than any other points to the surface of the anode to have a spark electrie dig-
charge take place Just at that point, i.e., the depression where the metal was
torn out will be left in exactly that spot on the anode.

Consequently, if the working surface of the electrode tool is a convex ne-
gative impression of a given shape, it is rossible to transfer this impression
to the workpiece. Working practice along this line has shown that with electric-
spark processing, it is possible to make imprints of the greatest variety of
complexity on the surface of materials of any hardness, from printing of texts
to making highly artistic engravings on tempered steel.

Particularly interesting are electric-spark processes for making press-
molds of empossing and forging dies.

Figure 8 shows a pressmold for making plastic dishes. The engraving work
was doue by the electric-spark method.

This nev method also mekes possible the manufacture of bimetal dies. A die
of this type consists of a steel base (U-8 steel) end a layer of Sormite hard
alloy. The entire machining of this die is done by the electric-spark method.
The durability of such dies ig extremely great.

Figure 9 shows a bimetal forging die for making razors, and forgings made
with the die.

One feature of this metnod of making dies is *he possibility of repeated
restoration. The worn die is not thrown away; its surface is ground down a
bit and the depressions restored by means of the electrode tool with which it
was made in the first place. This makes possible ver; efficient use of dle
metal. It is now evident that in the near future Soviet forging will convert
to the use of hard-alloy tools, which will save a great quantity of high-alloy
steels and increase the productivity of the shops.

The use of the electric-spark method for grinding metals, which ig per-
formed without the slightest pressure on the tool or the blank, is highly ex-:
pedient. In this method of grinding the need for abrasive materials is eli-
minatvd. The electrode tool is made of ordinary gray iron.

Stepless grinding is performed very easily by the electric-spark method. .
It is done with one and the same Q'sk, with one setup of the work. Only the
parameters of the electric circuit are changed. Since the particles of metal
which are being removed are normally dispelled on the surface , the disk con-
tinues to work smoothly, and sfter the grinding it is easy to detect all sur-
face defects (microcracks, for example).

The same disx can grind metals of any harduess, including extremely tough
metals. Electric-spark grinding is now finding extremely varied application,
from grinding magnetic alloys, hard alloys, and porous chrome to removing burrs
after welding and grinding railroad-car wheel tires. Electric-spark grinding
of iron blocks used in the manufacture of machines and instruments makes pos-
sible a reduction of magnetic losses in them. Electric-spark tool grinding
and fiuilshing of hard-alloy tools, a process related to electric-spark grind-
ing, vastly exceeds in productivity all previously known methods of grinding
tools. The same can be said for the electric-spark cutting of metal.

If special electric-spark units for grinding hard-alloy tools are not
aveilable, it is a simple matter to convert existing types of tool-grinding
machines into electric-spark units for this sort of work by means of a few
simple modifications. The most appropriate designs for this purpose are ma-
chine tools equipped with a tank, pump system, and an oscillating spindle.
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It has Just become possible to manufacture and grind form cutters plated
with hard alloys by the electric-spark method. For one of the kinematic systems

for performing this yrocess the following can be recommended:

a lathe, electrically insulated from the body of the lathe, a cast-iron disy is
fastened. The necessary profile is Imparted to the disk by a cutter. Nexc,

the hard-alloy-plated tool which is to ve profiled 1s fastene
of the machine tool. The disk and the hard-elloy-plated cutt
trodes of the discharge circuit. Thanks to the electric-spar
chining, the hard-alloy cutter soon has the profile originail,
disk.

It is generally known what effect chip breakers and chip
the front edge of a cutting tool. However, they are frequent
alloy tools because of the difficulty of making them. Practi
has shown that high-quality ¢hip breskers and winders can eas
on hard-alloy tools by means of electric-gpark processing.

Since in grinding tools by the electric-spark method & c
amount of metal is removed, it is rossible to use alternating
direct-current sources are not available. In using alternati
only necessary to take into consideration the fact that alter
lowers the productivity of the process and increases the wear
disk.

Electric-spark cutting of metals is a high-production pr

A000700090254-9
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In the chuck of

d to the tool slide
er form the elec-
k method of ma-

y imparted to the

winders have on
1y not put on hard-
¢e in Soviet plants
ily be made even

omparatively small
current if special
ng current it is
nating current

of the cast-iron

ocess, being used

more and more by inlustry. By means of this process it is possible to cut very

fine parts with great precision (parts of less than one cubic
slze), as well as blanks up to 800 millimeters in diameter.

Electric-spark band saws are now beginning to find appli

In the electric-spark cutting of metals a fine slit only
meter wide 1s formed. This effects a great saving of metal,

s The speed of cutting metals with an electric-spark saw i

millimeter in

cation in industry.

about one miili-

8 extremely high.

For example, to cut a steel blank made of manganous steel measuring 50 by 170

millimeters takes only 3 minutes; railroad rails » 2 minutes;

stainless steel -

blanks 25 by 58 millimeters, 35 seconds; and RF-1 steel blanks 10 by 70 milli-

e ’ meters, 20 seconds.

The liquid medium ordinarily used in electric-spark cutt
4 water to which a small quantity of clay has been added.

Electric-gpark processing has won a secure place in repa
perts and in performing repair and renovation work. We know,

ing of metals is

iring machine
for exsmple, that

the processes of drilling and particularly thread cutting in holes are opera-

R tions which are usually performed at the end of the mechining
o reason, it is extremely unpleasant when during these operatio:

cyele. For this
ns the tool breaks

and the stump n* the dr+11 nr tap remains in the hole. In most cases the nearly

completed part goes into the scrap heap. Using the =lectric-spark process, it is
an easy matter to eliminate the scrapping of parts due to this cause. Tt is only
necessarv to drill a hole throush the drill or tap, after which the remains of

these tools may be removed from the hole without difficulty.
tap and a drill broken down by the electric-spark method.

In repair operations it is often difficult to extract bi

Figure 10 shows a

ts of broken pins,

\ bolts, ete., from holes. By the electric-spark method this operation can be )
handled without difficulty. To extract a broken piece, a square electrode tool
is used; this tool sinks into the pin or bolt, which is then removed by means
of a square socket wrench. Electric-spark units specially put out for this
purpose make 1t possible to perform these operations very quickly and simply.

Sniize

Copy Approved for Release 2011/08/11 - CIA-RDP80-00809A000

AR S B

000700090254-9




oo ) . e LS | ©

.

1/08/11 - CIA-RDP80-00809A000700090254-9

Sanitized Copy Approved for Release 201
r

50X1-HUM

Dozens of instances may be cited in which electric-spark processing has

P greatly facilitated a repair Job. Particularly interesting is the case of re-
R ’ storing the original dimension of shaft Jjournals which have lost their shape

| from constant bearing pressure. There ere great possiblilites of using the

electric-spark method for restoring and using worn-out tools as blanks, For

exampla, seguents for a circular saw can eag ily be made from old disk milis by

this method (Figure 11).

In restoring broken tools the Jagged edges of the bresk in the drill, cutter,
broach, or other tool are ground dovm. This long operation leads to heating of
the tool and entails a nonproductive expense of abrasives and time. With a small
bench device -~ a small electric-spark saw -- this operation can literally be
done in a few seconds, and the toolmaker need only sive the proper geometry to
the cutting edge.

The impulse liberation of electric energy makes possible, among other pro-
cesses the electric-spark hardening of metal surfaces by depositing a layer of
more wear-resistant material on the processed surfece or by introducing into
the surface layers of the processed item various alloying elements.

Figure 12 shows a microsection »f a steel part on the surface of which a
layer of T15K6 hard alloy has been deposited. As is shown in the illustration,
deep diffusion of the hard-alloy layer into the steel surface has taken place
in this instance. It is this deep diffusion which e:plains the exceptional
toughness of the fusion of the alloy layer deposited by the electric-spark
method and the metal which is being reinforced.

The so-called contect variant of this method is done with a vibrating or
rotating attachment, the purpose of which is the reriodic change of the inter-
electrode space to that magnitude at which electric spark-over will occur, i.e.,
the instantaneous release of the energy stored up in the system.

This method of depositing metal coatings has three extremely important sd-
vantages over the methods being used at present:

1. Extreme toughness of the fusion between the layer deposited and the
base metal.

2, The possibility of plating both pure and alloyed metals.

3. The absence of any need for prreliminary preparation of the surface on
vwhich the layer of wear-resistant material is to be deposited.

Electric-spark hardening of metal surfaces is used in a great many fields
of industry, mainly for hardening cutting tools, dies, parts for agricultural
machines. etc. The work being done in this field ig making it possible to
sharply increase the productivity of labor, to cut production costs, and to
save a great amount of metal and pover.,

Electric-spark hardening of cutters, drills, milling cutters, broaches,
countersinks, circular saws, dies for cold and hot working, pneumatic punches
and slice bars of cushioning hammers, woodworking tools, cutting members of
agricultural machines, ete., wvith hard alloys is being widely used in industry.

Hard~alloy hardened tools and dies possess more durability than ordinary

tools. The spark hardening of such tools as punches, and slice bars of cushion-
ing hammers increases their length of service 15-20 times.
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Cultivator plowshares reinforced with hard alloy possess a durability 2.5
times greater than nonreinforcec szhares. Yoreover, they are self-grinding as
they work, an extremely valuable izature in a tool of this kind.

At present, rolls for rolling milic are beginning to be hardened by the
electric-spark method by covering them with hard alloy.

The guick mastering of this method is largely responsible for the Leningrad
Kinap Plant's producing a series of special electric~spark units.

The most modern type of unit for electric-srark hardening has recently
been built at tk< Central Scientific-Research Leboratory of Electrical Process-
ing of Haterials under the Ministry of Electrical Industry USSR,

In designing this unit, maximum dependability and high productivity were
given main attention. These were achieved by ithrce means: (1) selection of
such electrical perameters for the circuit that the operatcr is under no eir-
cumstances able to violate a given optimum setting for a job; (2) great simp-
licity of controlling the unit aimed at maximum reduction of the operator's
movements and of auxiliary time: (3) introduction of a special automatic de-
vice vhich feedc the working voltage to the electrode and cuts in the vibrator
only after contact of the electrode tool with the work; it automatically shuts
off the vibrator in 0.5 secend and drops the voltage off the electrodes when
the hardening process is stopped. All these features permit great simplifica-
tion in the control of tle entire unit. The control is effected through a
single lever. The machine can be attended by a worker having no special skill.

Figure 13 shows a hob being hardened on a UFR-3 unit by the electric-spark
method.

At many Soviet enterprises the process of hardening and restoritg dimen- : !
sions to complex tools is heing mastered. Among such tools are hobs, large '
punching dles, reamers, etc.

The use of electric-spark hardening of tools cuts down on the consumption
of tool steel and elsctric power since frequert resharpening of a tool is not
necessary; it raises labor productivity and lowers the cost of production.

Electric-spark hardening is berinning to e widely used in restoring di-
mensions of-worn-out tools. WVorn-out reamers, files, and other tools are now
. being restored by this method. A groat deal of serious attention is being
' given to the use of the electrie-spark method for hardening machine parts. At
first, only lathe centers and various cams were hardened by thig method apd di- .
mensions restored to seating surfaces; ways of various machine tools, bushings ! !
and spindles for high-speed machine tools and devices can also be hardened by
the elaciy’r.znarl method. Practice is showing that this process not only
sharnly increases the weoar-resistzice of the peart processed, but actually makes '
possible the replacement of nsaferrous metel with ferrous in a number of cases.

This method of hardening machine parts for the purpose of increasing their
life and length of service is being used ever more widely.

The development of electric-spark metalworking is moving in two directions.
One of these, making cutting tools herder, supports the ordinary ~utting method
of machining metal and makes the position of this method more secure; the other,
the basic direction of electric-spark processing, is to compete successfully with
mechanical methods and in substance negate the value of ordinary metal cutting
as a prizmitive, imperfect method.
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411 theoretical research and actual practice are indicating that all tech-
nelogical processes and operaticns performed by mechanical cutting can be per-.
formed by the electric-spark methcd. The new problem of machining metal faster,
cloaner, and with greater precision than can be ettained by mechanical methods
nas been posed, and s now on iis vay to successful solution. There is no
doubt that every year more prozesses now performed by mechanical cutting will
be awitched over to the simpler and cheaper electric-spark "cutting" process.

It is cervein that the new possibilities in the production and processing
of parts and the aveilabillty of harder materials for them will influence the
design of contenporary transport, agricultural, textile, construction, and other

mechines, instruments, and apparatus. They will tecome lighter, stronger, and
nore durable,
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Figure 1. a ~- Process of polarized layer formation; b -- Diagram of the anode-
mechanical metal-working process; ¢ -~ Diagrem of the electrochemical
metal-polishing process; d -- Diagram of the process of anode corro-
sion of metals.

.

1 -« Electric field; 2 ~- Polarized film; 3 -~ Electrolyte; 4 -- Slec-
trically neutral scraper.

-0,
Figure 2. Besic Circuit of an Electric-Spark Apparatus L7

Source of wrfipolar
current impulses
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